Background Prior research identified associations between residential moves during adolescence and depression, but studies used small or nonrepresentative samples. The aim of this study was to examine the associations between residential moves and major depressive episode (MDE) in a large, nationally representative sample of adolescents in the USA.
Introduction
Residential mobility is common among US adolescents. Five-year mobility rates for those aged 10-17 years old from 2005 to 2010 were 35%, indicating more than one in three adolescents moved at least once in 5 years. 1 Transferring to a different school, losing close connections with teachers and peers from the previous school and reestablishing peer networks in the new school in the process of a family relocation can be challenging and stressful for adolescents. 2 Given how many adolescents are affected by residential moves, understanding the association of these moves with adolescent mental health has significant public health implications for promoting the well-being of our nation's young people.
Empirical studies have consistently found that residential moves are associated with various adverse outcomes for adolescents. Some studies found that adolescents who moved had poorer school performance (e.g. lower grades, grade repetitions) than those who did not move or moved less frequently. 3, 4 Several studies found that frequent residential moves were associated with behavioral problems including premature sexual behaviors, teenage pregnancy and drug use among adolescents. 4 -7 Paksarian et al. 8 found that residential mobility was associated with increased risk of schizophrenia, particularly if children experienced frequent residential moves during adolescence.
Associations between a residential move and more prevalent psychiatric conditions such as depression are less well explored, particularly with large and representative samples of adolescents. Residential moves likely have a disruptive impact on peer and other sources of social support such as support from extended kin, neighbors and teachers. A weakening or elimination of these support structures as a result of residential moves may be hypothesized to lead to feelings of depression. The few prior studies examining associations between residential mobility and psychological well-being or depression, however, used small or nonrepresentative samples of adolescents. 9, 10 Previous studies also did not examine whether there were dose-response relationships between the number of residential moves and psychological outcomes among adolescents, perhaps due to limited sample size.
It is also not well understood whether the associations between a residential move and psychological well-being differ by gender, race and other sociodemographic characteristics. Brown and Orthner 9 found that frequent residential moves were associated with slightly increased risk of depression and lower level of life satisfaction only among female adolescents. Gilman et al., 10 on the other hand, found that residential moves were associated with both the onset and remission of depression among adolescents; however, they did not examine whether the significant associations between residential moves and depression held for both boys and girls.
There are little data on possible variations in the association between residential moves and depression in different population subgroups. It is well documented that adolescents in racial/ethnic minority groups or in low-income groups experience more frequent residential moves.
11 Research has not yet explored, however, whether the association between residential move and psychological well-being may differ across racial/ethnic or income groups. For instance, compared with higher income adolescents, adolescents from low-income families may tend to move to better neighborhoods with more opportunities, 12 suggesting association with depression may be less robust among lower income adolescents.
This study assessed associations between residential moves and major depressive episodes (MDEs) in a large nationally representative sample of US adolescents drawn from the National Survey on Drug Use and Health (NSDUH). We also examined whether odds of MDE increased in a doseresponse fashion as the number of residential moves increased. Furthermore, we examined whether the associations differed by gender, age, race/ethnicity and household income.
Methods

Study sample
This study used data from the NSDUH 13 
Measures
The outcome variable in this study was having MDEs within the 12 months prior to the survey. MDE was assessed based on the criteria in the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV).
14 Adolescents were classified as having MDE if they met at least five out of the following nine criteria for a MDE within the past 12 months: (i) depressed or irritated mood throughout most of the day over a 2-week period, (ii) reduced interest or pleasure in all activities, (iii) considerable change in body weight (.5%) or change in appetite, (iv) change in sleeping behaviors, (v) change in activity or behaviors, (vi) loss of energy or fatigue, (vii) feeling guilty and/or worthless, (viii) reduced ability to concentrate and (ix) repeated thoughts of death.
The main explanatory variable was residential moves within 5 years prior to the survey. A residential move was assessed with the following question: 'How many times have you moved in the past 5 years?' More than half of the adolescents in the sample (53%) did not move at all in the past 5 years prior to the survey. Twenty-two percent, 18 and 7% of the adolescents moved once, two to three times and more than three times in the past 5 years prior to the survey, respectively. We created a dichotomous variable of residential moves (any versus none). We also created a categorical variable (more than three, two to three and one versus none) to examine the dose -response relationship between residential moves and MDE. While definition of 'frequent family relocation' varies across different studies, more than three family relocations is one of the commonly used cutoffs. 
Data analysis
We first compared the 12-month prevalence of MDE and other participant characteristics between those who moved at least once and those who never moved in the 5 years prior to the survey. Next we estimated a multivariable logistic regression model using 12-month MDE as a dependent variable and the dichotomous variable of residential move as an explanatory variable while controlling for covariates. We also estimated this multivariable logistic regression model using the four-level categorical variable for residential move (more than three moves, two to three moves, one move versus zero move) to examine a possible dose-response relationship between residential move and MDE. Finally, we estimated this multivariable logistic regression model with interaction terms between residential move and covariates to examine whether the associations between residential move and MDE differed by adolescents' sociodemographic characteristics. As only a small percentage of observations were missing (5937, 4% out of 145 543), we conducted statistical analysis with complete cases (n ¼ 139 606). 16 Data were analyzed using STATA SE version 13. Table 1 shows the comparison in sample characteristics between those who moved in the past 5 years and those who did not. Adolescents who moved were more likely to report MDE than adolescents who did not (9.4 versus 7.5%, P , 0.001). Boys were slightly more likely to move than girls (47.3 versus 46.6%, P ¼ 0.046), but the difference in proportions of those who moved between boys and girls was very small. Percentage of adolescents in the youngest age group was higher among those who moved than those who did not move (33.0 versus 29.4%, P , 0.001). Adolescents who moved were more likely to be of non-White race/ethnicity than those who did not move (49.8 versus 33.6%, P , 0.001). Families of adolescents who moved were more likely to be in the lowest household income group (annual income ,$20 000) than families of adolescents who did not move (22.8 versus 11.0%, P , 0.001).
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Results
Descriptive analyses
Multivariable regression analyses
Dichotomous measure of residential moves As shown in Table 2 
Categorical measure of residential moves
We found a dose -response relationship between frequency of family relocation and MDE. While only 7.7% of adolescents who did not move had MDE, 8.6% of those who moved once, 9.8% of those who moved twice or three times and 13.0% of those who moved more than three times had MDE (results not shown). As displayed in Fig. 1 , compared with adolescents who did not move, those who moved only once had 19% higher odds of MDE (AOR ¼ 1.19, 95% CI, 1.11 -1.27), those who moved two or three times had 38% higher odds of MDE (AOR ¼ 1.38; 95% CI, 1.29 -1.49) and those who moved more than three times had 92% higher odds of MDE (AOR ¼ 1.92; 95% CI, 1.75 -2.11). The adjusted odds of MDE was significantly 16% higher among those who moved two or three times compared with those who moved once (AOR ¼ 1.16, 95% CI, 1.07 -1.26) and the adjusted odds of MDE was significantly 39% higher also among those who moved more than three times compared with those who moved two or three times (AOR ¼ 1.39, 95% CI, 1.25 -1.54).
Multivariable regression analyses with interaction terms
Dichotomous measure of residential moves As shown in Table 3 , odds of MDE associated with residential moves was significantly lower among adolescents aged 16 -17 years than those aged 12-13 years (1.22 versus 1.52, P ¼ 0.003) and among Hispanic adolescents than nonHispanic White adolescents (1.22 versus 1.42, P ¼ 0.038). In contrast, odds of MDE associated with residential moves was significantly higher among adolescents in the highest income group (annual income $75 000 or more) than among adolescents in the lowest income group (annual income ,$20 000) (1.48 versus 1.17, P ¼ 0.007).
Categorical measure of residential moves
As shown in Table 4 , compared with adolescents who did not move, odds of MDE associated with two to three moves and more than three moves was significantly lower among adolescents aged 16-17 years old than those aged 12-13 years old (1.28 versus 1.59, P ¼ 0.024 for two to three moves and 1.76 versus 2.33, P ¼ 0.026 for more than three moves, respectively). Odds of MDE associated with one move was significantly lower among Hispanic adolescents than non-Hispanic White adolescents (1.01 versus 1.27, P ¼ 0.019). Odds of MDE associated with one move and more than three moves was significantly higher among adolescents in the upper middle income group (annual income $50 000-74 999) than among adolescents in lowest income group (annual income ,$20 000) (1.30 versus 0.98, P ¼ 0.016 for one move and 2.09 versus 1.49, P ¼ 0.032 for more than three moves, respectively). Similarly, odds associated with one move, two to three moves and more than three moves was significantly higher among adolescents in the highest income group (annual income $75 000 or more) than among adolescents in the lowest income group (annual income ,$20 000) (1.27 versus 0.98, P ¼ 0.014 for one move, 1.66 versus 1.18, P ¼ 0.003 for two to three moves and 2.37 versus 1.49, P ¼ 0.002 for more than three moves).
Discussion
Main findings of this study Our findings indicated that residential moves were significantly associated with MDE, with a dose -response relationship between the number of residential moves and increased rates of MDE. The association varied across different adolescent subgroups. Odds of MDE associated with residential moves was significantly lower among older adolescents and Hispanic adolescents but was significantly higher among adolescents in the highest income group. Differences in degree of associations between residential move and MDE by different subgroups might have various causes, which we were not able to evaluate empirically in the present study. For instance, high-income families are more likely to have long-distance moves associated with opportunities for new jobs than low-income families. 18 Those adolescents who have had long-distance residential moves might experience stronger social disruption than those who have had short-distance residential moves. 15 This could potentially explain why we found that a residential move had a stronger association with MDE among adolescents from high-income families, even though those adolescents moved less frequently than adolescents from low-income families. Conversely, even though adolescents from low-income families are subject to more frequent residential moves, moves in low-income families are known to be across relatively shorter distances, 18 which could be potentially related to smaller magnitude of association between a residential move and MDE among adolescents from low-income families that we found in this study. Furthermore, children's involvement in decision-making processes related to the family relocation may also affect the extent of the association between a family relocation and children's outcomes. Adolescents who were not actively involved in decision making might be more likely to experience feelings of depression. It is known that the level of involvement in family relocation decision making is lower among younger adolescents than among older adolescents. 19 The stronger association between a family relocation and MDE in this study among younger adolescents is consistent with their potentially lower level of involvement in family relocation decision-making process.
Limitations of this study
In interpreting these results, several limitations of this study and NSDUH should be considered. First, the cross-sectional nature of the data does not allow us to draw causal inferences about the relationship between frequent family relocation and MDE. Based on the results of this study, it is unclear whether frequent residential moves are a risk factor for depression or adolescents with depression are more likely to move frequently. 
RESIDENTIAL MOBILITY AND RISK OF MAJOR DEPRESSIVE EPISODE
It is possible that families with children who have chronic diseases might be more likely to move 20 and also families concerned about adverse peer effects or school issues might be more likely to move to provide a better environments for their children. To identify a causal relationship between frequent family relocation and depression, it is necessary to have information on mental health conditions and history of behavioral problems prior to a frequent residential move. Second, the NSDUH did not include information about adverse childhood experiences such as family dysfunction and abuse. Research has found that the association between childhood residential moves and various health outcomes is attenuated when childhood adverse experiences are taken into account. 21 Third, we could not assess whether or not adolescents had moved to a better and less disorderly neighborhood. This information is essential for understanding the reasons why moves were associated with less increase in risk of MDE in minority children and children from lower income households. Related to this limitation, the NSDUH did not provide information on reasons for a residential move. Although it is unlikely that children's MDE significantly contributed to moves, it is possible that parental separation was more common in adolescents who moved and that this factor may have contributed to increased risk for depression. The reasons for moves may have also differed among sociodemographic groups, contributing to variations in associations with MDE. Furthermore, information regarding the distance of the residential moves was not available in the NSDUH data. Moves across states that would lead to change in school and social network may have different implications for children and adolescents' mental health than moves within a neighborhood that cause minimal disruption in social networks. Furthermore, residential moves may impact mental health of youth differently depending on the stages of development and educational level. However, the NSDUH assessed residential mobility within a 5-year time frame, making impossible to assess the exact timing of the move. Lastly, the NSDUH ascertained income in brackets, thus limiting our ability to compute inflation-adjusted income for later years. 
Conclusion
Our findings support an association between frequent residential moves and MDE, suggesting adolescents who move often may be a vulnerable group in need of mental health screening and services. Future research should explore reasons why families move and how different reasons for residential moves may be differentially associated with the risk of depression among adolescents. There is also a need for longitudinal studies with data on preexisting mental health problems and adverse experiences during childhood and adolescence, in order to better understand the causal pathway involved. Further research in this area can inform screening and intervention efforts to promote positive mental health in adolescents at risk for depression.
